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Neural stem cells (NSCs, B1 cells) are retained in the
walls of the adult lateral ventricles but, unlike embry-
onic NSCs, are displaced from the ventricular zone
(VZ) into the subventricular zone (SVZ) by ependymal
cells. Apical and basal compartments, which in em-
bryonic NSCs play essential roles in self-renewal
and differentiation, are not evident in adult NSCs.
Here we show that SVZ B1 cells in adult mice extend
a minute apical ending to directly contact the ventri-
cle and a long basal process ending on blood ves-
sels. A closer look at the ventricular surface reveals
a striking pinwheel organization specific to regions
of adult neurogenesis. The pinwheel’s core contains
the apical endings of B1 cells and in its periphery two
types of ependymal cells: multiciliated (E1) and
a type (E2) characterized by only two cilia and ex-
traordinarily complex basal bodies. These results re-
veal that adult NSCs retain fundamental epithelial
properties, including apical and basal compartmen-
talization, significantly reshaping our understanding
of this adult neurogenic niche.
INTRODUCTION
New neurons and glial cells continue to be born in restricted ger-
minal regions in the adult mammalian brain (Alvarez-Buylla and
Lim, 2004; Zhao et al., 2008). The largest germinal region of
the adult brain is found on the walls of the lateral ventricles. In
this region, primary neural progenitors reside in the subventricu-
lar zone (SVZ), displaced from the ventricles by ependymal cells.
In contrast, primary neural progenitors in the developing brain re-
side in the ventricular zone (VZ), a pseudostratified epithelium in
direct contact with the embryonic brain ventricles. Contact with
the ventricle through an apical process is critical for maintaining
germinal activity of the primary progenitors in the developing
brain (Bittman et al., 1997; Nadarajah et al., 1997; Kosodo
et al., 2004; Weissman et al., 2004). It is therefore intriguingCellthat the primary progenitors in the adult brain are displaced
from the ventricle.
In the embryonic VZ, the primary neural progenitors are radial
glia (Noctor et al., 2007b). These elongated stem cells maintain
contact with both the pial surface and the ventricular surface.
Shortly after birth, however, radial glia transform into parenchy-
mal astrocytes (Voigt, 1989) and ependymal cells (Spassky et al.,
2005), and little remains of their uniquemorphology and behavior
as the VZ is replaced by the ependymal epithelium.
Adult neural stem cells (NSCs) in the SVZ generate large num-
bers of olfactory bulb interneurons and some oligodendrocytes
in corpus callosum, fimbria, and striatum (Jackson and Alvarez-
Buylla, 2008). These primary progenitors have been identified as
a subpopulation of astrocytes called type B1 cells (Doetsch
et al., 1999a), which are derived from radial glia (Merkle et al.,
2004). Interestingly, it has been shown that a small subpopulation
of SVZ B1 cells have an apical membrane that contacts the ventri-
cle and that the number of these contacts appears to be increased
whenSVZproliferation is stimulated (Doetsch et al., 1999b). For ra-
dial glia in the embryo, this apical membrane is a specialized struc-
ture enriched in prominin-1 (CD133) (Weigmann et al., 1997), par-3
(Manabe et al., 2002), and numb (Rasin et al., 2007). It is the site
where the primary cilium, basal body, and daughter centriole are
located during interphase (Cohen et al., 1988), where the nucleus
migrates for mitosis (Committee, 1970), and where the midbody is
found at the end of cytokinesis (Dubreuil et al., 2007). Recent evi-
dence suggests that the apical membrane may determine the
symmetry of radial glial cell division (Kosodo et al., 2004). The
apical membrane of the ventricle-contacting B cells is therefore
a potentially important link between adult neurogenesis from the
SVZ and developmental neurogenesis from the VZ, and may yield
many insights into adult NSC function and niche organization.
We developed a new technique to study the apical and basal
specializations and organization of different cell types that touch
the ventricle in the adult brain. We find that most, if not all, B1
cells comprise a modified VZ in the adult brain with apical
contacts and a unique pinwheel architecture. We have also char-
acterized a type of ependymal cell with two cilia and a previously
undescribed basal body. This significantly reshapes our under-
standing of the architecture of this adult neurogenic niche. The
work suggests that a neurogenic VZ persists in the adult mam-
malian brain.Stem Cell 3, 265–278, September 11, 2008 ª2008 Elsevier Inc. 265
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Apical-Basal Organization of Adult NSCsFigure 1. Three Cell Types Contact the LV
(A–D) Confocal images taken at the surface of whole mounts of the lateral wall of the LV. (A) Acetylated tubulin staining reveals many long cilia of ependymal cells.
Scale bar, 10 mm (A–D). (B and C) g-tubulin staining (B) together with b-catenin staining (C) reveals three cell types: E1 (clusters of small basal bodies), B1 (arrows
indicate single basal body), and E2 (arrowheads indicate two basal bodies). (D) Three cell types are also distinguished by their cilia. B1 cells have a single short
cilium (arrows), and E2 cells have two long cilia (arrowheads).
(E and F) Electron micrographs from two serially reconstructed E2 cells. The central barrel of the basal body is cut transversely in (E) and in crosssection in (F)
(arrow). Scale bar, 0.5 mm (E–H).
(G) Electron micrograph of the primary cilium, basal body, and centriole of a B1 cell. Note the simpler B1 basal body compared with the large, lobular E2 basal
body (F). Both B1 and E2 (E) cilia were invaginated in the apical membrane.
(H) Electron micrograph of E1 cilia, which were not invaginated.
(I) Density of B1, E1, and E2 cells on the lateral wall of the LV. Error bars show SEM.
(J) Histogram of apical surface area of B1, E1, and E2 cells. Data from 771 B1 cells, 1716 E1 cells, and 201 E2 cells from n = 4 mice.
(K) Histogram of cilia length of B1, E1, and E2 cells. Data from 361 B1 primary cilia, 55 ependymal cilia, and 106 E2 cilia from n = 3 mice.RESULTS
Three Cell Types Contact the Lateral Ventricle
Whole mounts provide an en face view of the ventricular surface
(see Figure S1 available online) (Doetsch and Alvarez-Buylla,
1996), which we hypothesized would facilitate the identification
of ventricle-contacting cells. For this study, whole mounts were
dissected from mice 60–120 days old. The ventricular surface
was largely coveredby tufts of ependymal cilia obstructing aclear
view of cells that may lie behind (Figure 1A). To obtain an unob-
structed view of the ventricular surface, we used g-tubulin
antibodies to label basal bodies and b-catenin antibodies to de-
lineate the cell membrane (Figures 1B and 1C). This revealed
three distinct cellular profiles in contact with the lateral ventricle
(LV): (1) cells with a large apical surface and multiple (32–73,
mean 49) basal bodies, with g-tubulin distributed as small, indi-
vidual points (diameter, 0.54 mm) at each basal body; (2) cells
with a small apical surface and a single basal body, with g-tubulin
distributed in a donut configuration (diameter, 0.94 mm) presum-
ably around the basal body in the pericentriolar material tube (Ou
et al., 2004); and (3) cells with an intermediate-sized apical
surface and two large, complex basal bodies, with more intense266 Cell Stem Cell 3, 265–278, September 11, 2008 ª2008 Elsevier Ig-tubulin expression distributed in small, individual points as in
(1), but arranged in large donut or horseshoe formations (diam-
eter, 1.35 mm). Costaining for g-tubulin and acetylated tubulin
revealed that these three cell types could also be distinguished
by their cilia (Figure 1D): (1) cells with multiple basal bodies had
multiple long cilia, corresponding to ependymal cells; (2) cells
with a single basal body had a single, short primary cilium, cor-
responding to B1 cells; and (3) cells with complex basal bodies
were often biciliated, with long cilia comparable to those of
ependymal cells.Wewill refer to these biciliated cells as E2 cells
and to multiciliated ependymal cells as E1 cells.
To our knowledge, E2 cells have not been described before
(see references in theDiscussion). To characterize the ultrastruc-
ture of E2 cells, we reconstructed several of them by transmis-
sion electron microscopy (TEM) (Figures 1E and 1F and Figures
S2 and S3). E2 cells had two basal bodies, deep interdigitations
of the cell membrane with long lateral extensions, light cyto-
plasm, and spherical nuclei with no invaginations and dispersed
chromatin. Mitochondria were abundant, but unlike E1 cells
where mitochondria localize near the basal bodies, in E2 cells
they were concentrated around the nucleus. Small dictyosomes
similar to those observed in E1 cells were also present. The mainnc.
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Apical-Basal Organization of Adult NSCsfeature of E2 cells was the complex set of electron dense parti-
cles surrounding the basal body. By correlative TEM, we con-
firmed the ultrastructural properties of E1 (Figure 1H) and B1
cells (Figure 1G) (Doetsch et al., 1997).
Surprisingly, we found that B1 cells with a ventricle-contacting
apical surface were not rare: we counted 6225 on the lateral wall
of one LV in a single, untreated adult mouse (Figures 5A and 5B).
These B1 apical surfaces were often found clustered with one
another. When quantified, the number of B1 cells was nearly
one-third (31.0%) of all cells touching the LV wall (Figure 1I).
This finding is in contrast to the conventional view that the walls
of the adult ventricular system are lined by a monolayer of epen-
dymal cells (Bruni et al., 1985). However, it is now evident why B1
cellswerepreviously difficult to findbyTEM.While theywere sub-
stantial in number, the average size of the apical surface of a B1
cell was 24.1 mm2, compared to 265.0 mm2 for an E1 cell (Fig-
ure 1J). Additionally, the average size of the primary cilium of
aB1 cell was 3.2mm,compared to 11.5mmfor E1 cilia (Figure 1K).
Figure 2. Complementary Expression Pat-
terns of Molecular Markers at the Apical
Surface of B1 and E1/E2 Cells
([A]–[C] and [D] insets) Confocal images were
taken at the surface of the whole mount and (D)
just below the surface. B1 cells (arrows) and E2
cells (arrowheads). (A) GFAP staining is present
in B1, but not E1 or E2 cells. (B) CD24 is expressed
in the cilia and on the apical surface of E1 and E2,
but not B1 cells. (C) Vimentin is expressed at the
apical surface of E1 and E2, but not B1 cells. (D)
S100b expression is observed in the cell body of
E1 and E2, but not B1 cells. Insets show the apical
surface of the indicated B1 and E2 cells. Scale bar,
10 mm (A–D). (Inset) Scale bar, 5 mm.
B1 and E1/E2 Cells Have
Complementary Expression
Patterns of Molecular Markers
at Their Apical Surfaces
The small apical surfaces of B1 cells
could be distinguished from the apical
surfaces of E1 and E2 cells by GFAP
staining (Figure 2A). These small apical
surfaces contained a single basal body.
In serial confocal optical sections,
GFAP+ B1 apical terminations were as-
sociated to cell bodies in the SVZ that
had additional basal processes (see
below). The GFAP staining, ultrastruc-
ture, and cell body location within the
SVZ further identified these cells as B1
cells. E1 cells were GFAP but were
CD24+, a marker of ependymal cells
(Calaora et al., 1996). Interestingly, E2
cells were also CD24+ (Figure 2B). Vi-
mentin also marked the apical surface
of both E1 and E2 cells, but not B1 cells
(Figure 2C). Finally, S100b, although it
was not strongly expressed at the apical
surface, was found to be expressed in
the cell body of both E1 and E2 cells, but not B1 cells (Figure 2D).
Triple labeling confirmed that B1 cells were GFAP+/S100b/
CD24 (Figure S4A).
B1 Cells Confer Unique Pinwheel Architecture
to the Ventricular Surface in Neurogenic
Regions of the Adult Brain
We used g-tubulin and b-catenin staining of the ventricular sur-
face to compare the cellular profiles on neurogenic versus non-
neurogenic adult ventricular walls. Adult neurogenesis occurs
throughout most of the lateral wall of the LV and part of the ante-
riormedial wall overlying the septum, but not in the caudalmedial
wall or the third ventricle. While E1 and E2 cells were found in all
regions examined, B1 apical surfaces were found only on the lat-
eral wall and in the anterior medial wall of the LVs, coincidingwith
the neurogenic niche in the adult brain (Figure 3).
In the neurogenic niche, the presence of B1 apical surfaces
influenced the geometry of E1 apical surfaces and conferredCell Stem Cell 3, 265–278, September 11, 2008 ª2008 Elsevier Inc. 267
Cell Stem Cell
Apical-Basal Organization of Adult NSCsFigure 3. Pinwheel Architecture of the Ven-
tricular Surface in the Adult Neurogenic Niche
(A) Confocal image of the surface of the lateral wall of
the LV stained for g-tubulin (red) and b-catenin
(green) reveals pinwheels with centrally located B1
apical surfaces surrounded by ependymal cells.
Scale bar, 10 mm (A–D).
(B) Tracing of the b-catenin+ membranes in (A) and
color coding of B1 cells (blue) and E1 cells (yellow,
orange, red, purple, and magenta) to illustrate five
pinwheels. Some E1 cells occupy positions in more
than one pinwheel.
(C and D) Neither B1 apical surfaces nor pinwheels
are observed in the posterior medial wall of the LV
or in third ventricle walls.
(E) Confocal image of the surface of the lateral wall of
the LV shows that pinwheels surround GFAP+ (red)
B1 cells. b-catenin and g-tubulin are in green. Scale
bar, 10 mm.
(F) Color-coded tracing of the image in (E).
(G) Confocal image demonstrating the diamond
shape of E1 apical surfaces found in pinwheels.
The polarized position of the basal body patch, found
on the right side of each E1 surface in this image, is
independent of the E1 surface geometry. A B1 apical
surface is indicated in the center of the pinwheel (ar-
row) and an E2 apical surface (arrowhead) on the pe-
riphery. Scale bar, 5 mm (G and H).
(H) Pinwheel architecture revealed by GFAP and
CD24, which label B1 and E1/E2 cells, respectively.268 Cell Stem Cell 3, 265–278, September 11, 2008 ª2008 Elsevier Inc.
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Apical-Basal Organization of Adult NSCsa striking architecture to the ventricular wall (Figures 3A, 3B, 3E,
and 3F). The apical surface of one or more B1 cells was sur-
rounded by E1 cells in a specific pattern. The pattern, which re-
sembles a pinwheel (Figure 3G), appeared tomaximize the pack-
ing of E1 cells around the B1 apical surface. The shape of each
E1 apical surface approximated a diamond with one vertex con-
tacting the B1 apical surface. The resulting pinwheel pattern was
Figure 4. Apical Intercellular Junctional Complexes Differ at B1-B1,
B1-E1, and E1-E2 Junctions
(A) In addition to tight junctions (black arrowheads), B1 and E1 cells form asym-
metric adherens junctions (black arrows). B1 cells form symmetric atypical
adherens junctions with each other (white arrowheads). Scale bar, 500 nm.
(B) Higher magnification of an asymmetric B1-E1 adherens junction (black
arrows) and a B1-E1 tight junction (black arrowheads). Scale bar, 200 nm.
(C) Higher magnification of atypical B1-B1 adherens junctions. Scale bar,
200 nm.
(D) Radial glia (RG) in the neonatal VZ have apically localized symmetric atyp-
ical adherens junctions (white arrowheads) similar to those at B1-B1 junctions
in the adult. Scale bar, 200 nm.
(E) E1 and E2 cells form tight junctions (black arrowheads) and symmetric ad-
herens junctions (white arrows) indistinguishable from those at E1-E1 junc-
tions. Scale bar, 200 nm.
(F) Confocal image of the surface of the lateral wall of the LV stained for Cx43
(red) and b-catenin (green) reveals that gap junctional components are present
at B1-B1 (arrow), B1-E (white arrowhead), and E-E (magenta arrowhead) inter-
cellular membranes. Scale bar, 10 mm.Cellonly observed on the ventricular surface in neurogenic regions,
where B1 cells were found (Figures 3A, 3B, and 3E–3H), and
not in nonneurogenic regions, where E1 apical surfaces were
more regularly shaped (Figures 3C and 3D). Pinwheels were
also observed using antibody staining to ZO1, a component of
apical junctional complexes that provided a sharper delineation
of cell boundaries (Figure S5A). The core of the pinwheels was
also evident with GFP staining of whole mounts from Aldh1L-
GFP BAC transgenic mice (Figure S5B). Aldh1L has been shown
to be enriched in astrocytes (Cahoy et al., 2008), and the regula-
tory region of this gene has been used to drive GFP expression in
astrocytes in a BAC transgenic mouse (GENSAT project).
A high magnification of one pinwheel is shown in Figure 3G. In
addition to their striking radial organization, E1 cells have planar
polarity that underlies the directional beating of motile cilia to
propel cerebrospinal fluid (Sawamoto et al., 2006). The basal
body patch in each E1 cell is found downstream with respect
to the direction of ciliary beating (Z.M. and A.A.-B., unpublished
data). Interestingly, the geometry and radial polarity of E1 apical
surfaces found in pinwheels appeared to be independent of the
planar polarity of their basal body patch.
The peripheral packing of E1 cells around central clusters of
B1 cells suggested that these cells may have specialized inter-
cellular junctions at their apical surfaces. EM analysis of the api-
cal junctional complexes between the various combinations of
cell types (B1-B1, B1-E1, E1-E1, and E1-E2) revealed that B1-
B1 and B1-E1 junctions were unique (Figure 4). For this analysis
we used serial section reconstruction at the EM to confirm cell
identity based on the number of cilia each cell had. B1-B1 junc-
tions (white arrowheads in Figures 4A and 4C) had symmetric
discontinuous adherens junctions with periodic electron-dense
deposits at sites where membranes became tightly opposed or
pinched. Interestingly, these junctions were very similar to those
observed between radial glia in the neonatal VZ (Figure 4D).
Short stretches of tight junctions were occasionally observed
between B1 cells. E1-E2 junctions were symmetric; both tight
(black arrowheads in Figure 4E) and adherens junctions (white
arrows in Figure 4E) were observed, and these junctions were in-
distinguishable from those observed between E1 cells. Interest-
ingly, B1-E1 junctions (Figure 4B) included both tight and
adherens junctions, but the latter were asymmetric. More
electron-dense material was accumulated inside the membrane
on the E1 side than on the B1 side (black arrows in Figure 4B).
Gap junctions cannot be reliably detected by TEM. We therefore
stained the LV wall of adult mice with antibodies that recognize
gap junction subunit Connexin 43. Dotted staining was observed
at the interface of B1-B1, B1-E, and E-E cells (Figure 4F). While
we do not knowwhether these cells are functionally coupled, the
above observation suggests that Connexin 43 is not unique to
particular junctional complexes between the three cell types
contacting the ventricle. Instead, the above results suggest
that it is the adherens junctions that characterized these homo-
typic and heterotypic adhesions between the different cell types
at their apical intercellular boundaries.
Surface Maps of the LV Walls Reveal
Hot Spots of B1 Cells
The above analysis showed that B1 cells were limited to neuro-
genic regions of the adult ventricular system but did not show theStem Cell 3, 265–278, September 11, 2008 ª2008 Elsevier Inc. 269
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Apical-Basal Organization of Adult NSCsFigure 5. Surface Maps of the Walls of the LV Reveal Hot Spots of B1 Apical Surfaces
(A) The position of B1 apical surfaces is indicated on the maps by color-coded circles depicting the number of B1 apical surfaces per cluster (1 to >10 cells per
cluster). Hot spots were found in anterior-ventral (AV) and posterior-dorsal (PD) regions of the lateral wall and anterior-ventral (mAV) region of the medial wall. The
adhesion point between lateral and medial walls is shown in gray. Scale bar, 1 mm.
(B) Distribution of B1 cluster size.
(C) Density of B1, E1, and E2 apical surfaces in four regions of the lateral wall in three animals. Regions quantified are indicated in (A) and Figure S13. Error bars
show SEM.
(D–H) Representative confocal images from different regions of the surface of the lateral and medial walls stained for g-tubulin and b-catenin. Scale bar, 5 mm.distribution within the neurogenic regions. To create a compre-
hensive map of the location of B1 cells on the walls of the LV,
we reconstructed the entire surface of one lateral wall and the
anterior portion of one medial wall stained with g-tubulin and
b-catenin. These surfacemaps were reconstructed from a series
of 222 (lateral wall) and 106 (medial wall) tiled, high-power con-
focal fields (212 3 212 mm2/field).
B1 cells with ventricle-contacting apical surfaces were found
throughout the lateral wall (Figure 5A) in clusters of 1–40 cells.
We quantified the number and position of B1 apical surfaces in
the different regions of the lateral and anterior medial wall of
the LV. This data was color-coded to indicate clusters of 1, 2,
3, 4, 5, 6–10, or >10 B1 apical surfaces. B1 apical surfaces
were more concentrated in two hot spots, in the anterior-ventral
and posterior-dorsal regions. B1 apical surfaces were also found
in the most anterior aspect of the medial wall of the LV
(Figure 5A). This region has recently been found to contain neu-
rogenic precursors that generate specific subpopulations of
olfactory bulb neurons in the postnatal rodent brain (Merkle
et al., 2007). This is consistent with the idea that ventricle-
contacting B1 cells function as progenitor cells and shows that270 Cell Stem Cell 3, 265–278, September 11, 2008 ª2008 Elsevierthe presence of B1 apical surfaces is an indicator of neurogenic
ventricular walls in the adult.
Next, we quantified the number of B1 apical surfaces in four
different lateral wall regions from three more animals (Figure 5C).
We consistently found that the anterior-ventral and posterior-
dorsal regions had the highest number of B1 apical surfaces,
with 2515 and 2206 per mm2, respectively (Figures 5G and 5H).
The anterior-dorsal region had fewer, with 823 (Figure 5F), and
the posterior-ventral region had the fewest with 442 B1 apical
surfaces per mm2. In contrast, the density of E1 cells was similar
among the regions (3343–3584 permm2), except in the posterior-
ventral region (2072permm2), where E1 cells had a larger surface
area. E2 cells were found in similar numbers throughout the
different regions (185–211 per mm2).
B1 Cells Have a Long Basal Process Similar
to Their Radial Glial Progenitors
To understand how specialized apical endings on the ventricular
surface relate to the architecture of the SVZ, we used whole-
mount staining and confocal microscopy to look beneath the
ventricular surface and ependymal layer. One striking resultInc.
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Apical-Basal Organization of Adult NSCsFigure 6. B1 Cells with an Apical Ventricular Contact Have a Long Basal Process Terminating on Blood Vessels
The diagram of the lateral wall at the top right indicates where the images were taken.
(A and B) Z projections of confocal stacks (50 mm thick) taken from whole mounts stained for GFAP. Because whole mounts are freshly dissected, secondary
antibodies used against mouse anti-GFAP primary antibody also stain blood vessels that contain endogenous mouse IgGs. Scale bar, 50 mm.
(C) Z projection of a higher-power confocal stack (50 mm thick) taken from awholemount stained for GFAP. Blue arrows indicate the apical endings of longGFAP+
processes. Scale bar, 50 mm. (C0) Three-dimensional reconstruction of the stack in (C) rotated 90. Blue arrows indicate processes reaching the ventricular sur-
face and correspond to blue arrows in (C).
(D) Confocal image of the surface (costained for g-tubulin and b-catenin in green) in the region between the blue arrows in (C) reveals that the apical endings
indicated in (C) belong to a group of 11 B1 cells with GFAP+ apical surfaces on the ventricle. Scale bar, 5 mm.
(E and F) The long basal process of a B1 cell with an apical ventricular contact (blue arrows) terminates on a blood vessel forming an endfoot (yellow arrow in [E]).
Scale bar, 25 mm (E) and 5 mm (F).
(G) B1 cells with apical ventricular contact could be labeled by adeno-GFAPp:Cre virus injected into the LV of Z/EG mice. Scale bar, 50 mm.
(H) High-power confocal Z stack projection reveals the complete morphology of a B1 cell: apical contact with the ventricle (blue arrows in [H] and [I]) and basal
contact with blood vessels (yellow arrow in [H]). Scale bar, 25 mm.
(I–K) Confocal images of the ventricle-contacting apical surface of B1 cells corresponding to the color-coded arrow in (H) and arrowheads in (L). Scale bar, 5 mm.
(L) Adult B1 cells are derived from neonatal radial glia. Note the apical ventricular contact (white and magenta arrowheads in [J]–[L]) of two GFP+ B1 cells derived
from neonatal radial glial labeling. Both cells have a long basal process contacting a blood vessel (yellow arrows). Scale bar, 25 mm.was the presence of very long GFAP+ fibers throughout the lat-
eral wall of the LV. These fibers were oriented in different direc-
tions depending on location (Figures S6 and S7). Figures 6A and
6B show that most GFAP+ fibers found in the anterior-dorsal lat-
eral wall of LV were oriented tangentially to the surface and ranCell Santeriorly. Fibers found more ventrally were oriented tangentially
to the surface but ran ventrally (Figure 6B).
To determine whether these fibers belonged to B1 cells with
apical surfaces on the ventricle, we used high-power confocal
stacks to image a block 50 mm deep of the lateral wall in wholetem Cell 3, 265–278, September 11, 2008 ª2008 Elsevier Inc. 271
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Apical-Basal Organization of Adult NSCsmounts stained for GFAP, g-tubulin, and b-catenin. At the ven-
tricular surface, we observed GFAP+ B1 apical endings as be-
fore (Figure 6D), but tracing the GFAP+ fibers deeper revealed
that they extended for a long distance (Figure 6C, arrows indi-
cate apical endings shown in Figure 6D). The thick bundle of
GFAP+ intermediate filaments that comprised the long basal
process frayed into many thinner bundles closer to the apical
surface (Figures 6E and 6F, blue arrow). To quantify the propor-
tion of long GFAP+ processes that made apical contact with the
ventricle, we traced individual fibers in confocal stacks. We
found that almost all cells (98%, 227 of 232 cells from n = 3
mice) identified by their long GFAP+ basal process made apical
ventricular contact. At the other end of this basal process, we ob-
served that 96% (134 of 139, n = 3 mice) of GFAP+ basal pro-
cesses terminated in an endfoot on a blood vessel (Figure 6E,
yellow arrow). GFAP+ B1 cells with an apical surface on the ven-
tricle and a long basal process were observed at all ages tested
(up to 9 months old, data not shown). Chains of migrating neuro-
blasts in the SVZ are ensheathed by gliotubes that run parallel to
the orientation of the chains (Lois et al., 1996; Peretto et al.,
1997). Double staining for GFAP to label B1 cells and doublecor-
tin to label chains of migrating cells showed that B1 basal pro-
cesses contribute to the gliotubes. Basal processes of B1 cells
wrapped around the chains and then ran parallel to the orienta-
tion of these chains for some distance before terminating on
blood vessels (Figure S8). Beneath the layer of GFAP+ B1 cells’
long processes, there was a layer of scattered astrocytes with
multipolar morphology revealed by GFAP staining (Figure S9A).
These cells correspond to B2 cells previously described
(Doetsch et al., 1997). Multipolar astrocytes were also observed
beneath the ependyma in nonneurogenic regions such as the
third ventricle (Figure S9B).
Based on correlative TEM, we suspected that GFAP staining
did not reveal the complete morphology of B1 cells. Conse-
quently, we injected an adenovirus expressing Cre under the
GFAP promoter (Merkle et al., 2007) into the LV of Z/EG mice
(Novak et al., 2000), a Cre reporter line expressing GFP. This
technique provided a way to label B1 cells, which have both
a ventricle-contacting apical surface (allowing infection via the
ventricle) and an active GFAP promoter (allowing Cre expression
from the adenovirus). We then reconstructed high-power confo-
cal stacks of labeled B1 cells filled with GFP (Figures 6G–6I).
Most B1 cell bodies were located immediately underneath epen-
dymal cells, with a very short apical process extending between
ependymal cells to make contact with the ventricle (Figures 7E
and 7F and 7E0 and 7F0). In some cases, rather than extending
an apical process, it appeared that part of the B1 cell body
was squeezed between ependymal cells to make direct contact
with the ventricle (Figures 6H and 6I). A very long process ema-
nated from the basal side of the cell body and extended tangen-
tially, ending with an endfoot on a blood vessel (Figure 6H, yellow
arrow). In addition, B1 cells had lateral lamellar extensions of
membrane from their cell body (like a fried egg) that spread
across the basal side of adjacent ependymal cells. While these
lateral extensions appeared as individual processes in sections
(Doetsch et al., 1997), the whole-mount analysis revealed that
many of these processes were part of a continuous thin sheet
of membrane spanning in all directions away from the cell
body. Several smaller processes were also observed emana-272 Cell Stem Cell 3, 265–278, September 11, 2008 ª2008 Elsevier Iting from the cell body and the proximal part of the long basal
process.
Themorphology of B1 cells was reminiscent of radial glia of the
embryonic VZ. Radial glia have a short, ventricle-contacting api-
cal process and a very long, pial-contacting basal process. This
long basal process can be used to specifically label radial glia by
injecting an adenovirus expressing Cre into the striatum of neo-
natal Z/EGmice. This method was used to determine that B cells
in the adult SVZ are derived from radial glia (Merkle et al., 2004).
To determine if the radial glia-derived B cells identified in the
Merkle et al. study correspond to B1 cells we identified above,
we performed the same radial glial targeting in neonatal Z/EG
mice, sacrificed the animals 2 months later, and prepared whole
mounts. We observed B1 cells as before. Figure 6L shows two of
these B1 cells, each with a short apical process contacting the
ventricle (Figures 6J and 6K) and a long basal process distally
wrapped around a blood vessel. B1 cells derived from radial
glia also exhibited the lateral lamellar extensions of membrane
cupping the basal side of adjacent ependymal cells (Figures
S10A and S10B). In addition, we traced, using a camera lucida,
the fine details of eight B1 cells with apical contacts in 50 mmhor-
izontal sections, where it was more common to see more of the
basal process (Figure S10C). In sharp contrast to the morphol-
ogy of B1 cells, typical astrocytes elsewhere in the adult brain,
including some found in the SVZ (B2 cells), were multipolar,
with bushy, highly branched processes (Figure S11). This is
consistent with previous work showing that dividing GFAP-ex-
pressing progenitors in the adult SVZ have a simple morphology
compared to differentiated multipolar parenchymal astrocytes
(Garcia et al., 2004).
The above results labeling adult SVZ B1 cells by multiple ap-
proaches showed that these cells have two epithelial compart-
ments: (1) apical, in contact with the ventricle, and (2) basal, in
contact with blood vessels. In our previous ultrastructural re-
constructions, we had missed these basic features of adult
SVZ NSCs (Doetsch et al., 1997). Both these compartments
are very difficult to identify in thin sections: the apical ending
is very small and frequently connected by a thin neck with
the cell body, which may lie in an entirely separate section. It
is therefore not surprising that B1 cells contacting the ventricle
were only rarely observed (Doetsch et al., 1999b). Our previous
work identified many small profiles of B cells deep in the
SVZ. However, as illustrated in the current analysis, the basal
processes can run tangentially for several hundred microns,
making it difficult, if not impossible, to link these small profiles
of basal processes with their cell bodies using serial sections.
Ventricle-Contacting B1 Cells Undergo Mitosis
and Are Neurogenic
The above observations indicated that GFAP-expressing SVZ
B1 cells, which correspond to the adult NSCs, contact the LV.
Apical processes of B1 cells were nestin+ (Figure S4B), and
29% (26 of 89, n = 2 mice) were positive for CD133 (Figures
S4C and S4D), both markers of NSCs (Uchida et al., 2000). A re-
cent study suggests that CD133+/CD24 cells in contact with
the ventricle are adult NSCs (Coskun et al., 2008). In our study,
100% (720 of 720, n = 2 mice) of E1 and E2 cells expressed
CD24, while none of the B1 apical endings expressed this
marker. This suggests that CD133+/CD24 cells identified innc.
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Using sections of the walls of the LVs, previous studies failed to
find dividing ependymal cells (Spassky et al., 2005). Here, we
stained whole mounts for g-tubulin and b-catenin to identify B1
Figure 7. B1 Cells with Apical Ventricular
Contact Are Neurogenic In Vivo and Differ-
entiate into Neurons, Astrocytes, andOligo-
dendrocytes In Vitro
(A) Injection of adeno-GFAPp:Cre into one LV of Z/
EGmice results in many labeled ventricle-contact-
ing B1 cells on the ipsilateral lateral wall. The
whole-mount images (A and C) were recon-
structed from low power (1.33 1.3 mm) tiled con-
focal images. Scale bar, 1 mm (A and C).
(B) Thirty days after injection, many labeled neu-
rons and neuroblasts can be found in the ipsilat-
eral olfactory bulb. Scale bar, 100 mm (B and D).
(C) Virus that backfills the contralateral LV labels
a few ventricle-contacting B1 cells on the contra-
lateral side. Most of these labeled cells are close
to the foramen of Monro (arrow). These labeled
B1 cells give rise to neuroblasts (inset) in the con-
tralateral SVZ, examined 30 days after injection.
(Inset) Scale bar, 20 mm.
(D) The few labeled ventricle-contacting B1 cells
on the contralateral side gave rise 30 days later
to neuroblasts (arrowheads) and neurons (arrow)
in the contralateral OB.
(E and F) B1 cells in the contralateral lateral wall
have characteristic features of apical ventricular
contact (arrows to [E0] and [F0]), GFAP expression
(boxed regions), and a long basal process with
endfeet on blood vessels (yellow arrow). Scale
bar, 25 mm. (E0 and F0) Confocal images of the ven-
tricle-contacting apical surface of B1 cells in (E)
and (F). Scale bar, 5 mm.
(G) GFP-labeled B1 cells dissected from the con-
tralateral wall could be passaged and differenti-
ated in vitro into TuJ1+ neurons (arrow), Olig2+
oligodendrocytes (arrowhead), and adherent
GFAP+ (data not shown) astrocytes. Scale bar,
20 mm.
apical surfaces and phosphohistone H3
(PH3) to identify cells in mitosis or Ki67
to identify proliferating cells (BrdU stain-
ing was not reliable; required HCl pre-
treatment decreased b-catenin staining
at the surface). We serially reconstructed
with the confocal microscope 91 PH3 or
Ki67+ B1 cells (n = 3 mice) contacting
the ventricle (Figure S12). In all cases,
the mitotic soma from these ventricle-
contacting B1 cells remained squeezed
basally by neighboring ependymal cells.
Figure S12A shows a B1 apical surface
that is PH3+. Following the confocal
stack deeper into the tissue revealed
that this PH3+ cell was in anaphase,
with one of the sister chromatids (yellow
arrow) just beneath the apical membrane
and the other (magenta arrow) deeper in
the SVZ, beneath an ependymal cell. This and another cell shown
in Figure S12F appear to be dividing asymmetrically. Interest-
ingly, Ki67 expression is cell-cycle phase dependent (Scholzen
and Gerdes, 2000), and we observed Ki67+ B1 cells in all phasesCell Stem Cell 3, 265–278, September 11, 2008 ª2008 Elsevier Inc. 273
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Ki67, PH3, or BrdU.
To test whether B1 cells with a ventricular contact are neuro-
genic, we injected adeno-GFAPp:Cre into one LV of Z/EG
mice. To ensure that we were tracing the fate of only those B1
cells labeled via their ventricle-contacting surface, we focused
our analysis on the contralateral side. Labeling on the contralat-
eral side could only occur through viral diffusion from the ventric-
ular system, and this was confirmed by the pattern of labeling
close to the foramen of Monro (arrow in Figure 7C). Labeled B1
cells in the contralateral whole mount had an apical surface on
the ventricle (Figures 7E0–7F0) and a long basal process ending
on a blood vessel (Figures 7E and 7F). Labeling B1 cells contact-
ing the LV in this manner resulted in labeled neuroblasts in the
contralateral SVZ (Figure 7C, inset), and labeled neuroblasts
and neurons in the contralateral olfactory bulb in six of six ani-
mals (Figure 7D). This shows that B1 cells labeled via their apical
surface produce neurons and neuroblasts up to 1 month after
labeling. We also microdissected the contralateral SVZ 2 days
after unilateral injection of adeno-GFAPp:Cre and plated dis-
sociated cells as previously described (Scheffler et al., 2005).
GFP+ cells from the contralateral side could be passaged and
generated large colonies of Tuj1+ cells. These cultures also gen-
eratedmany GFP+ adherent GFAP+ astrocytes and a fewOlig2+
oligodendrocytes (Figure 7G). These data indicated that B1 cells
labeled via their ventricle-contacting apical surface are capable
of generating large numbers of neurons in vivo and in vitro.
DISCUSSION
Here we uncovered an architecture for the germinal layer of the
adult brain LV, revealing its pinwheel organization and the pres-
Figure 8. Three-Dimensional Model of the Adult VZ Neurogenic
Niche
Three-dimensional model of the adult VZ neurogenic niche illustrating B1 cells
(blue), C cells (green), and A cells (red). B1 cells have a long basal process that
terminates on blood vessels (orange) and an apical ending at the ventricle sur-
face. Note the pinwheel organization (light and dark brown) composed of
ependymal cells encircling B1 apical surfaces. E2 cells are peach.274 Cell Stem Cell 3, 265–278, September 11, 2008 ª2008 Elsevier Ience of biciliated ependymal cells with unique basal bodies. The
work, summarized in the illustration in Figure 8, suggests that B1
cellsmaintain amodified neurogenic VZ in the adult mouse brain.
E2 Cells: An Ependymal Cell
E2 cells were ultrastructurally similar to E1 cells and had long
(9 + 2) cilia. Themost distinctive feature of E2 cells was their large
basal body (Figure 1F). Multiple studies have described the ultra-
structure of ependymal cells (Bruni et al., 1985; Flament-Durand
and Brion, 1985; Del Brio et al., 1991), but to our knowledge, this
basal body organization has not been observed before. E2 cells
comprised less than 5% of cells on the ventricular surface and
had only two cilia. Therefore, their contribution to CSF flow is
likely minute. They were not observed in division and were pres-
ent in nonneurogenic regions like the third and fourth ventricles
(Z.M. and A.A.-B., unpublished data), making it unlikely that
they functionasprogenitors. Interestingly, unlikeE1cells, the cilia
of E2 cells were partially invaginated (Figure 1E). Primary cilia,
which are also partially invaginated (Sorokin, 1968) (Figure 1G),
function as transducers for cell signaling pathways including
Shh (Huangfu et al., 2003; Corbit et al., 2005) and Wnts (Gerdes
et al., 2007). The basal body and pericentriolar region appears
to play an important role in the signaling function of primary cilia
(Gerdes et al., 2007; Rohatgi et al., 2007). E2 cells and their cilia
may serve as mechanical or chemical sensors for CSF flow or
composition (Bruni et al., 1985). The elaborate basal body of E2
cells may be involved in transmitting information between the
ciliary axoneme and other intracellular compartments.
B1 Cells Retain a Long Basal Process
During earlier development, neuroepithelial cells and radial glia
bridge between the ventricular and the subpial surfaces; signals
arising at both poles are essential for proper germinal activity
(e.g., ventricular: Bittman et al. [1997]; Nadarajah et al. [1997];
Kosodo et al. [2004], and Weissman et al. [2004]; e.g., subpial:
Halfter et al. [2002]; Haubst et al. [2006]). Radial glia establish
specialized endingswith blood vessels (Misson et al., 1988; Noc-
tor et al., 2001). In the subgranular zone of the adult hippocampal
dentate gyrus, NSCs reside in close proximity to blood vessels
(Palmer et al., 2000). It has been suggested that extracellular ma-
trix (Mercier et al., 2002) and soluble factors (Leventhal et al.,
1999; Shen et al., 2004) secreted by blood vessels play important
roles in regulation of adult neurogenesis. In the present study, we
found that the long basal process of B1 cells terminated directly
on blood vessels forming specialized endfeet. B1 cells are de-
rived from radial glia and their basal processes are likely rem-
nants of radial glial fibers. Basal processes and their contacts
with the vasculature may allow B1 cells to respond to signals
in the perivascular extracellular matrix (Kerever et al., 2007) or
to hormones or growth factors present in the circulation, such
as prolactin (Shingo et al., 2003), PDGF (Jackson et al., 2006),
or IGFs (Jiang et al., 1998).
Radial glia of the developing neocortex (Rakic, 1972) and ra-
dial cells in songbirds (Alvarez-Buylla and Nottebohm, 1988)
use the long basal process to maintain contact with neuronal
progeny during early stages of differentiation and migration.
Many of the basal processes of B1 cells wrap around chains of
neuroblasts (Figure S8). This arrangement may be important
for guiding the migration and maturation of young neurons.nc.
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fluid and its directional flow contribute to directional migration
(Sawamoto et al., 2006). We show here that B1 cells bridge these
two compartments and could transfer information from the ven-
tricular surface to the SVZ.
B1 Cells Maintain a Modified Ventricular Zone in the
Adult Brain
The present results indicate that B1 cells in the adult brain, like
radial glia earlier in development, have an apical surface in con-
tact with the ventricle. In adult songbirds (Alvarez-Buylla et al.,
1990; Goldman et al., 1996) and reptiles (Garcia-Verdugo
et al., 2002), the neural progenitors are also ventricle-contacting
radial cells. The present study revealed a center-surround pin-
wheel organization to this mixed VZ, which has ependymal cells
in addition to NSCs. Pinwheels were abundant throughout the
neurogenic niche but absent from nonneurogenic ventricular
walls. This organization may be fundamental for adult neurogen-
esis, allowing B1 cells in the core of the pinwheels to (1) contact
the ventricular fluid, which may regulate NSC behavior; (2) share
apical junctional complexes (gap and adherens junctions)
among themselves and with ependymal cells, likely essential
for NSC symmetric and asymmetric division (Chenn and Walsh,
2002; Kosodo et al., 2004); and (3) be exposed to apical signals,
like Noggin (Lim et al., 2000; Peretto et al., 2004), that are largely
derived from ependymal cells. The VZ and pinwheel organization
described here provides basic anatomical information to under-
stand B1 cell regulation. It will be interesting to determine how
exogenous growth factor stimulation (Cho et al., 2007) may alter,
or mimic, apical-basal polarity.
The pinwheel architecture of the adult VZ may also hold clues
about how it is derived from the embryonic VZ. As ependymal
cells begin to differentiate from radial glia during perinatal devel-
opment and their apical surfaces expand, they may restrict the
space available for neurogenic radial glia, corralling them into
central clusters held together by apical junctional complexes.
The maintenance of cell-type-specific apical junctional com-
plexes between radial glia at the time of ependymal cell differen-
tiation is likely essential for the development of pinwheels in the
adult VZ. This scenario suggests that apical junctions between
B1 cells are different than those between ependymal cells or be-
tween ependymal cells and B1 cells. This is precisely what we
observed (Figure 4). Interestingly, a recent study showed that
numb and numb-like are required for maintaining radial glial
adherens junctions and that numb overexpression results, in
a cadherin-dependent manner, in abnormal maintenance of
radial glia postnatally (Rasin et al., 2007). Conditional removal
of numb from the neonatal SVZ results in severe disorganization
of the ependymal layer that is partially repaired by cells that
escaped recombination (Kuo et al., 2006). Numb is likely to
play important roles in the development of pinwheels, but this
process remains to be studied. The pinwheel pattern also sug-
gests a possible role for lateral inhibition by Notch signaling. In
the postnatal hippocampal dentate gyrus, Notch is required for
GFAP+ stem cell maintenance, and absence of Notch results
in neuronal differentiation (Breunig et al., 2007). Similarly, in the
neonatal VZ, Notch-expressing B1 cells may signal to neighbor
ependymal cells during their differentiation, resulting in the
formation of pinwheels by lateral inhibition.CellInjuries to the ependymal cells can result in scars in the ven-
tricular wall that are largely composed of astrocytes (Del Carmen
Gomez-Roldan et al., 2008). Recent work suggests that in the
aging mammalian brain, a subpopulation of astrocytes can
grow multiple cilia (Luo et al., 2008). We have noticed that the
number of B1 cells touching the LV decreases significantly
with age (Z.M. and A.A.-B., unpublished data). It will be interest-
ing to determine if B1 cells touching the ventricle transform into
ependymal-like cells with age or whether these cells actively par-
ticipate in ependymal repair.
Progenitor cells have been isolated from regions around the LV
in the adult human brain (Pincus et al., 1998). Rare SVZ astro-
cytes were observed with processes extending toward the ven-
tricle (Sanai et al., 2004). It will be interesting to investigate if
these cells in humans have apical ventricular contacts and pin-
wheel organization. The staining methods described here may
facilitate the identification of potential neurogenic regions along
the adult human ventricular system.
The persistence of an adult VZ leads us to re-examine the roles
of the VZs and SVZs in adult neurogenesis. In the embryo, the
ventricular and subventricular compartments are largely distinct:
the VZ for stem cells and the SVZ for intermediate progenitors
(Noctor et al., 2007a). Similarly, the adult neurogenic niche may
be comprised of two compartments, a VZ for B1 cells and an
SVZ for intermediate progenitors, or C cells, and neuroblasts,
or A cells. The distinction between these compartments in the
adult may be less clear due to the apical expansion of ependymal
cells. Consistently, we show that the cell body of most B1 cells is
pushed back toward the SVZ. This provides a unified hypothesis
on the roles of the VZ and SVZ in neurogenic niches of the brain,
from embryo to adult. The study shows that contact with the ven-
tricular cavity, being part of an epithelium, and having specialized
apical structures are germinal niche properties retained by adult
NSCs. It is likely that all of these are fundamental to their function.
The en face imaging methods developed here should facilitate
understanding the function of apical structures in adult NSCs.
EXPERIMENTAL PROCEDURES
Animals and Stereotactic Injections
CD1mice 2 to 4months old (Charles River) and Aldh1L-GFPmice 2months old
were used to study the ventricular surface; 2- to 4-month old Z/EG mice (No-
vak et al., 2000) were used for adult LV injections; neonatal Z/EGmice used for
radial glial targeting were sacrificed at 2–4 months. Striatal targeting of radial
glia at P0was performed as previously described (Merkle et al., 2004). Adult LV
injections of 100 nl (in vivo experiments) or 500 nl (in vitro experiments) of
adeno-GFAPp:Cre (Ad5 backbone, 1 3 1012 particles/ml) were performed at
stereotactic coordinates (0 AP, 0.9 L, 1.9 D). All animal procedures were
approved by the Institutional Animal Care and Use Committee.
Whole-Mount Dissection
After cervical dislocation, the brain was extracted fresh in L-15 at 37C. The LV
was dissected from the caudal aspect of the telencephalon, and the hippo-
campus and septum were removed. The dissected lateral wall was fixed in
4% PFA/0.1% TX overnight at 4C. After staining, the ventricular walls were
further dissected from underlying parenchyma as slivers of tissue 200–300
mm in thickness and mounted on a slide with mounting media and a coverslip.
Immunostaining and Microscopy
Primary and secondary antibodies were incubated in PBS with 0.5% TX and
10% normal goat or donkey serum for 24 hr at 4C. For immunostaining of
structures deeper within the SVZ, antibodies were incubated in PBS withStem Cell 3, 265–278, September 11, 2008 ª2008 Elsevier Inc. 275
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bodies were the following: mouse anti-acetylated tubulin (1:1000, Sigma
T6793), rabbit anti-g-tubulin (1:1000, Sigma T5192), mouse anti-g-tubulin
(1:500, Abcam ab11316), goat anti-g-tubulin (1:200, Santa Cruz sc-7396),
mouse anti-b-catenin (1:500, BD Transduction Labs 610153), rabbit anti-
b-catenin (1:1000, Sigma C2206), rabbit anti-ZO1 (1:100, Zymed 40-2200),
mouse anti-GFAP (1:500, Chemicon MAB3402), mouse IgM anti-vimentin
(1:1000, Sigma V-2258), rabbit anti-S100b (1:500, DAKO A5110), mouse
anti-nestin (1:200, Chemicon MAB353), rat anti-CD24 (1:500, BD PharMingen
557436), rat anti-CD133 (1:100, eBioscience 14-1331), chicken anti-GFP
(1:500, Aves Labs GFP-1020), rabbit anti-phosphorylated histone H3 (1:500,
Upstate 06-570), rabbit anti-doublecortin (1:500, Cell Signaling 4604), and rab-
bit anti-Ki67 (1:500, Vector VP-K451). Secondary antibodies were the follow-
ing: conjugated to Alexa Fluor dyes (goat or donkey polyclonal, 1:400, Molec-
ular Probes) and biotin (goat polyclonal, 1:250, Jackson ImmunoResearch)
followed by streptavidin-HRP and diaminobenzidine. Confocal images were
taken on a Nikon C1si or Leica SP5.
TEM analysis was performed as described (Doetsch et al., 1997). For recon-
struction of type B1 and E2 cells, we cut 600 serial ultrathin (0.05 mm) sec-
tions that were placed on Formvar-coated single-slot grids, stained with
lead citrate, and examined under a Jeol 100CX EM.
Quantification of Cell Types
B1, E1, and E2 cells were counted in four nonoverlapping high-power fields
(127 3 127 mm2) from each of four regions (Figure S13). The number of each
cell type was divided by the surface area to determine cell density. Data for
all four regions were combined to determine average density across the entire
whole mount.
Adherent NSC Cultures
Two days after unilateral injection of 500 nl adeno-GFAPp:Cre into the LV of Z/
EG mice, the walls of the contralateral and ipsilateral LVs were dissected sep-
arately, dissociated, and used to establish adherent NSC cultures as previ-
ously described (Scheffler et al., 2005). After two passages under proliferation
conditions, the NSC monolayers were allowed to differentiate for 7 days and
fixed.
SUPPLEMENTAL DATA
The Supplemental Data include 13 figures and can be found with this article
online at http://www.cellstemcell.com/cgi/content/full/3/3/265/DC1/.
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